Abstract Silica gel was prepared by using alkaline extraction and acid neutralization method from ash obtained wheat straw, an agricultural waste. Microwave digestion, followed by calcination was used for obtaining ash. X-ray diffractometry (XRD) and Fourier transform infrared spectroscopy (FTIR) studies revealed the ash to be mostly amorphous silica.
I. INTRODUCTION
Utilization of waste including agricultural waste is need of the hour. One of the major agricultural wastes is wheat straw. About 600 million tons of wheat is produced around the world annually [1] . Dry stalks of wheat plant after removal of grains are known as wheat straw. It contains in carbon, oxygen, potassium, silica, and low levels of aluminum, magnesium, sodium phosphorous, and sulphur [2] . Wheat straw and wheat husk are being used also as fuel due to their high calorific value. Wheat husk ash contains 10-12% silica in complex form and 80-90% silica in amorphous form [5] .
Silica in its amorphous form has huge industrial applications. It can be used in coatings, detergents, rubber industry, plastics manufacturing, electronics, abrasives, refractory, and optics and also used as a catalyst in organic reactions [6] . Silica gel has been widely used in Manuscript received November 26, 2015; revised February 23, 2016 . The authors are with the Department of Sciences, School of Technology (SOT), Pandit Deendayal Petroleum University, Gandhinagr, Gujarat, India (e-mail: info@pdpu.ac.in) pharmaceuticals and industrial applications like purification and dehydration of hazardous gases in industry, desulphurization of motor oil, petroleum refining, distillations, oil hydrogenation process, use as a catalyst in sulphuric acid production and also use as a grain drying absorbent [7] .
Generally, silica gel is prepared from commercially available sodium silicate. The manufacturing process of sodium silicate from quartz sand with calcium carbonate is very expensive due to high temperature requirement [8] , [9] .
Silica gel prepared from rise husk ash has been reported by many authors [10]- [12] .
et al. successfully produced humidity indicating silica gel from rice husk ash using alkaline-solubilization and acidic neutralization methods [13]-[16] .
In the present work, silica gel was prepared from agricultural waste wheat straw. Alkaline-solubilization and acid-neutralization method was used to obtain gel from silica obtained from wheat straw. The methods and materials were explained as below.
II. MATERIALS AND METHODS

A. Materials
Wheat straw (collected from local agricultural field), 1N sodium hydroxide (Merck), 1N Hydrochloric acid. (QualiKems).
B. Methods
Wheat straw was treated with hydrochloric acid in a microwave digester. Acid treated product after removal of excess acid was calcined 550°C. Fine white powder was obtained after calcination.
Ash obtained after calcination was characterized by XRD and FTIR.
The obtain gel, each time about 1g of the white powder (ash) was taken in round bottom flask and treated with 100ml of 1N NaOH solution. Mixture was refluxed for 1hr with constant stirring.
After bringing down the reaction mixture to room temperature it was filtered using Whatman no.42 to remove solid residue. Hardly any residue was noticed over the filter paper.
Filtrate was treated with 1N HCl. It was added drop wise to maintain pH above 7. Precipitation occurred and a gel was formed. Gel formation was observed only when the pH of the mixture was between 7 and 10.
The suspension was centrifuged for 15min at 4000rpm to remove excess liquid. The semi-solid (gel) mass obtained after decantation was characterized by FTIR. Zeolite term was firstly disclosed in 1765 by Swedish were started in from early 1950 onwards. In1959, at -A the synthesis of Intermediate silica zeolite-Y. In the 1960s and 1970s, Zeolite ZSM-5 with a high silica ratio was reported by There were almost 180 types of zeolite was known in zeolite include synthesized zeolite was ZSM-5, zeolite -X, zeolite -A, zeolite -Y, zeolite -L. In 1995, there was first zeolite synthesized from fly ash. Fly ash is generated by coal combustion in thermal power station as a waste or by-product. In India there are more than 90 million tones of fly ash produced. The one of approach of utilization of fly ash is that in to zeolite synthesis, because fly ash having tendency to convert in to zeolite. Zeolite has wide applications as an adsorption, catalytic activity, ion exchange (waste water treatment), air purification and many more. For the using of fly ash there are many type of zeolite like zeolite-X, zeolite-A, zeolite-P, Na-P1, F-linde was synthesized by various methods, which having industrial applications.
II. SYNTHESIS OF ZEOLITE FROM COAL FLY ASH
The synthetic zeolite was most preferable in commercial grade rather than natural zeolite because of it has uniform particle size and a huge variety of chemical properties.
The researchers, in the field of zeolite have a one most common problem is that, the cost of raw material (silica source) and its availability from which they want to synthesized zeolite [1] . Coal fly ash is an industrial by product/waste which generated from the coal-combustion having an application as a raw material for the synthesis of zeolite, in glass and ceramics manufly ashcturing, in mesopourous material formation and many more [2] . Zeolite produced from coal fly ash is a very interesting product, with having environmental related applications. Zeolite could be synthesized from the fly ash, economically and the process was rapid [3] . The numbers of scientists have been developing advanced methods for the synthesis of zeolite from fly ash. Which mainly including: 1) Hydrothermal synthesis.
2) Fusion method.
3) Membrane extraction. 4) Microwave irradiation process.
All these above synthesis have affected by the various fly ash factors like, nature of reactants, the composition of Si/Al ratio, pH, temperature, time of reaction and other fly ash factors [1, 4] .
A. Hydrothermal Synthesis
at laboratory scale by using fly ash with NaOH & KOH, however the best results were obtained by using NaOH instead of KOH. This zeolite has unique ion-exchange properties for effluent treatment [5] . The synthesis of zeolite from the class-F fly ash using a hydrothermal process has been 4g/dm 3 of solid/liquid (S/L) ratio for the first 4 hour reaction. During this period 80 wt % like Z I. INTRODUCTION Rice husk/straw and wheat husk/straw are by products of rice and wheat milling process and they are major waste products of the agricultural industries. In recent years, agricultural products and by products (waste) attract towards on sustainable energy generation, it is considered as a potential raw material for preparing highvalue products like silicon composite [1] .
Silicate materials can be found in two forms amorphous and crystalline. Silica in amorphous form has huge industrial applications. It is used in rubber, plastics, cosmetic, electronics, coating, optics, refractories and also use as an abrasive agent. Silica in crystalline form is widely used in glass and ceramic industry [2] .
The conventional methodology to produce amorphous silica from quartz sand requires high temperature and pressure [3] . Another method of silica production is solgel process but it is expensive due to high material cost.
Agricultural waste is one of the cheapest source for silica production. It contains 50%-90% of SiO 2 (Table I) 5. Fine sized amorphous material Scientist found many extraction techniques (Table II ) and patents (Table III) are exist for the preparation of amorphous silica from agricultural waste stream. This paper provides an overview of the previous work and describes two main methodologies. Major methods for silica production from agricultural waste may be grouped into two methods ( Fig. 1): A. Thermal methods B. Chemical methods
A. Thermal Methods
Thermal treatment includes the use of muffles furnace, fixed bed furnace, inclined step-grate furnace, cyclonic furnace, fluidized bed reactor, rotary kiln or tubular reactor and The thermal technology has drawbacks like longer reaction time, hot spot formation, lack of freeflowing air for complete oxidation of carbon etc.
1) Electric/ muffle furnace For the extraction of silica from agricultural waste electric/ muffle furnace is used in laboratory scale. The major drawback of using this technology is long reaction time and less production rate. Patil et al. reported the highest amount of silica extraction from rice husk (RH) that consisted of thermal treatment at various temperatures by using electric furnace at 700 o C for 6h. The product was characterized by XRD and FTIR. The XRD data indicated that the obtained silica was amorphous in nature [8] . 95.55% pure silica produced from RH ash by using acid leaching treatment followed
